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BEFEBENCES. 

A. — Memorandum of the measures recommended to be taken for remodeling the 
Ganges canal by the Committee (Colonel Strachey^ President) of January^ 
1861. 

J7.— Report on the Ganges canal, by Captain J. Crofton, R.E., dated 23rd Novem- 
ber, 1864. 

C— Eesolution, No. 227c-1110, dated 27th February, 1865, by the Government 
of India, Public Works Department, sanctioning Major Crofton's Estimate. 

D. — Letter No. 55c., dated 18th January, 1866, from Secretary to the Government 
of India, Public Works Department, communicating intention to appoint a 
Committee. 

E. — Letter, No. 83c., dated 25th January, 1866, from Secretary to the Government 
of India, Public Works Department, communicating instructions regarding 
the preparing and affording information to the Committee. 

F. — Resolution No. 204c., dated 24th February, 1866, by the Government of In- 
dia, Public Works Department, nominating, the Committee (Colonel Law- 
ford, President) to report on the propriety of proceeding with Major Crofton's 
project, with reference to Sir A. Cotton's objections to it 

G. — ^Letter, dated 21st May, 1866, from Sir A. Cotton, to Secretary to Government, 
North- Western Provinces, Public Works Defiartment, forwarding copy of 
his letter to Secretary of State for India, objecting to the Committee appoin- 
ted by Government of India. 

H. — Report of the Ganges Canal Committee (Colonel Lawford's), dated 18th June, 
1866. 

I. — Memorandum, dated 18th August, 1866, by Major Crofton, on the Modifications 
proposed in paragraphs 107 to 111 of the Committee's Report 
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EEMAEKS AND EECOMMENDATIONS. 

The Committee on the Ganges Canal have condensed their Report into five 
conclusions^ viz. : — 

** I. — That the construction of a weir across the Ganges below the conflu- 
ence of the Solani^ with other necessary works for supplying water to the canal, at 
an estimated cost of Rs« 1,12^86,314, cannot be recommended. 

'^ II. — That the project for opening an additional canal-head, including the 
construction of a weir on the Ganges at Raj ghat, or other point in that part of the 
river, at a cost of Rs. 1,13,04,170, for bringing under irrigation lands not now watered 
by the canal, is feasible, but should be held in abeyance until the probable returns 
appear more proportionate to the outlay than at present. 

^' III. — That the construction of a weir across the Jumna at Toghlukabad, 
with a canal for the irrigation of that part of the Doab below AUygurh not under 
the influence of the Ganges canal, at a probable cost of Rs. 35,45,701, inclusive of 
branch channels, is practicable, and that the project should be further investigated ; 
but they are of opinion that it cannot be substituted for any portion of Major Crof- 
ton's project. 

" IV. — That Major Crofton's project for remodeling the Ganges canal should 
be proceeded with, subject to the modification suggested in this Report. 

^' y. — That the construction of a permanent weir across the Ganges at Hur- 
dwar, though not indispensable while the present reduced quantity of water is passed 
down the canal, will become a matter of absolute necessity in order to maintain, 
without risk of interruption, the full supply of 7,000 cubic feet per second." 

2. One member alone of the Committee, Mr. George Sibley, dissents from the 
above, " mainly as to conclusions Nos. III. and IV., — the first negativing the pro- 
posed canal from the Jumna near Delhi (bringing 3,300 feet per second to com- 
plement the present 4,400 now brought down by the main canal) as a substitute 
for the remodeling above the junction; the second recommending that the remo- 
deling according to Major Crofton's plans (with certain modification) be at once 
proceeded with." 

3. Mr. Sibley would substitute for the remodeling of the Ganges canal chan- 
nel above the 158th mile, the construction of the new caual from the Jumna near 
Delhi, which was originally proposed by Major Crofton. 

4. As regards the main point at issue, I agree with the majority of the Com- 
mittee, and for the following reasons : — 

I. — It is not probable that a larger supply than 1,500 cubic feet per second 
can be obtained from the Jumna and Hindun rivers together throughout the year. 
But, whatever that supply may be, the Ganges Canal can profitably, and should un- 
doubtedly, be put in a state to secure with ease, to cariry safely, and to distribute to 
the best advantage every drop, of the ordinary constant supply available from the 
Ganges river at Hurdwar. By the '^ ordinary constant available supply " is to be un- 
derstood that supply which, in an ordinary average season, can be obtained from the 
river uninterruptedly ; or, in other words, the minimum discharge of the river in an 
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average year. For^ in Northern India, as a general rule, it would not appear to be 
advisable to increase the capacity of an expensive permanent canal beyond the 
ordinary minimum discharge of the river from which it is derived ; and, on the other 
hand, to remain satisfied with a smaller capacity than this, would be to slight the 
projBTered gifts of Providence, — to reject the benefits of which the country so greatly 
stands in need. The latter position is not likely to be disputed, and the former may 
be accepted on the consideration, that the amount of '^ irrigating duty " done by a 
cubic foot of water during the Khureef or autumn crop, is less than the duty in the 
Ruhhee or spring crop in the proportion of from one to two to that of one to three- 
and a-half. On the assumption, then, that the value to Government of a cubic foot 
of water for the autumn crop is to its value during the spring crop as one to two, 
the result of increasing the capacity of a canal, so as to enable it to carry half as 
much more during the autumn crop than it can obtain during the spring crop, 
would be an addition of only one-sixth to the gross returns from water-rate. If we 
assume the autumn value of a cubic foot to bear to the spring value the propor- 
tion of one to two-and-a-half, then the result, as above, would be an addition of one- 
seventh to the returns. And, lastly, if we assume one to three as the proportion, 
the result would be an addition of only one-eighth. 

II. — Besides the comparative smallness of this increase, in proportion to the 
amount of extra work required to produce it, there would be great practical incon- 
venience in having to irrigate from different levels of supply at different seasons of 
the year ; and, as regards navigation, the head-way, which would be ample during 
the spring crop, would be very considerably diminished during the autumn crop ; — 
extra height would therefore have to be given to all bridges, &c. 

It may be laid down therefore as a general rule in Northern India that the 
minimum supply in a rivec should fix the capacity of the canal derived from it. 

Under certain conditions, however it may be expedient to relax the rule ; but 
each case must be gone into on its own merits- 
It does not appear to me that, in the case of the Ganges canal, the rule can be 
conveniently or advantageously relaxed. The detailed estimates will show whether 
this can be done in the case of the new Jumna canal. I propose to start the survey 
for the canal at once, under the executive charge of Mr. James Parker, who is daily 
expected on his return from leave in England, or of his locum tenens, Mr. Clinton 

Anderson. 

5. Mr. Sibley, in paragraphs 18 to 21 of his Appendix (A.), discusses the 
question of the minimum discharge of the Jumna and Hindun rivers combined. 
On this point the information with which I supplied the Committee was as follows: — 

JuMKA River. 

At Delhi. 

19th December, 1864?, 935 cubic feet per second (Lt. MoncrieS*). 

18th January, 1865, 1,618 „ (Sergt, Caemarton). 

19tli December, 1865, 828 „ (Mr. Garbett). 

19th January, 1866, 5,004 „ (Mr. Garbett). 

At Agra. 
I9th January, 1865, 1,153 cubic feet per second (Captain Stewart). 
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HiNDUN River. 

Near Delhi. 

19th January, 1865, 857 cubic feet per second (Sergt. Caernarton). 

12tli January, 1866, 501 „ (Mr. Garbett). 

The discharges of January 1866, must be rejected, as heavy rain had fallen in 
the hills, and generally, before the observations were made. The remaining dis- 
charges show conclusively that 1,500 cubic feet per second is the extreme estimate 
of the supply available from these rivers throughout the cold weather. Further 
observations may even reduce the above estimate. 

6. Mr. Sibley's argument is based on his belief that the river Jumna at Delhi 
is lowest during the month of April. Mr. Sibley is well acquainted with the pecu- 
liarities of the Jumna at Allahabad, but he has not had the same opportunities for 
studying it higher up, or he would have known that December and January are 
the months in which the river is lowest there, as a general rule ; December when 
the cold-weather rains are early, and January when they are late. The same rule 
holds good on the Ganges, as also on all the rivers of the Punjab. 

7. A daily register of the height of water in both the Jumna and Hindun is 
now kept at Delhi. 

8. As to the minimum discharge of the Ganges river at Hurdwar, I supplied 
the Committee with the following data : — 

Discharges taken by Captain Forbes on the 27th January, 1865. 

Above the canal bunds, 5,710 cubic feet per second. 

Below the canal bunds, ... 572 

Ganges canal at Myapore, 5,114 „ 

The two latter, aggregating 5,686 cubic feet per second, are checked by the 
former and the agreement is sufficiently close. The river was so abnormally high 
in January 1866, owing to heavy rain, that the results then obtained must be re- 
jected. 

It appears from the above that, in January 1865^ the whole of the visible sup- 
ply of the Ganges river^ with the exception of 596 cubic feet per second, was turned 
into the canal. I have no reason for supposing that the rivers were abnormaUy low 
in the cold weather of 1864r65. 

9. I have gone thus into detail concerning minimum discharges, because it 
appears to me that the whole question hinges on this one point. If only 5,700 
cubic feet per second can be obtained from the Ganges at Hurdwar throughout the 
year, it seems inexpedient to go to the expense of adapting the canal for carrying 
7,000. And again, if only 1^500 cubic feet per second can be had from the Jumna 
and Hindun combined, it would scarcely be advisable to make a canal for 8,300. 
But (as observed in paragraph 4) this case can be taken up and decided on its own 
merits with the aid of the detailed estimates. 

10. I would here remark on the urgent necessity for systematically observing 
the discharges (the minimum discharges especially) of all rivers and streams in 
India, at as many points as can be conveniently arranged for, and for a continued 
series of years. In 1855, when the late Court of Directors, called for information 
regarding works which might be advantageously carried out, I brought forward this 
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matter (among others) as being the very first step in any general scheme of irri- 
gation ; showing how little we know of the extent of water-supply really available, 
and how impossible it was to initiate a successful scheme without full knowledge on 
this head. Every year since then I have had taken as many observations as my own 
limited establishment, and the kindness of officers in other departments, could 
furnish. As yet, however, the results are small. 

11. In the 18th paragragh of his ''Dissent,'' Mr. Sibley recommends that the 
inward-curving tail walls of the falls should be altered at once. This measure was 
recommended as part of his remodeling project by Major Crofton, and its cost 
provided for. Mr. Sibley thought the alteration should be carried out at once : 
however, as the holes below falls were found to be getting shallower, instead of 
deeper, it was considered better to wait for the next closure, when the work could 
be got at more easily with a dry canal. The alteration was carried out during the 
late closure in August last. It should be mentioned that the tail of the Nirgajnee 
(or Belra) fall, alluded to in Mr. Sibley's 17th paragraph as of better design, was 
the first planned by Sir P. Cautley after his Eastern Jumna Canal falls. The 
second arrangement was devised as '' being more compact than the original design, 
and being greatly more economical in its construction. It was in fact the enor- 
mous excavations which were required at the falls at Belra, the difficulty of dispos- 
ing of the earth and laying out the embankments, and the extensive area, demand- 
ing box-work at the tail, that led me to the modification as exhibited in Diagram 
lOer—See page 171 of Volume II. of Sir P. Cautley's Report of 1860. It should 
also be noted that the Nirgajnee fall is founded on stiff clayey soil, while the other 
falls are built in almost quicksand, — a fact which is alone sufficient to account 
for the smaller amount of scour which has taken place below the former work. 

12. On Mr. Sibley's 19th paragraph it need only be observed that '^ the Sewalik 
sandstone lately brought in," fairly represents the kind of stone which alone can 
be had in any quanity, and at a moderate cost, from the Sewaliks. It is true that 
the wealthy Mahajuns ofHurdwar and Jowalapore have gone to great expense in 
selecting a small quantity of very fine sandstone adapted for carving for door-jambs, 
&c. ; but it does not therefore follow that this fine stone is to be found in sufficiently 
large quantities for the canal works ; or that if found, it would be as well adapted 
for them, or as cheap, as Agra, Bhurtpoor, or Delhi stone. The results of the quarry- 
ing experiment already made on a large scale (see paragraphs 130 to 132 of the Com- 
mittee's Report, and my separate Report, No. 181c., of this date) have I think 
settled the point. The finer sandstone was not unrepresented in the experiments. 

13. I agree with Mr. Sibley as to the time which would be required to carry 
out Major Crofton's project. I do not think the work (even as modified by the 
Committee) could be done in two closures of three-and-a-half months each. No 
doubt, as observed by the Committee, much can be done in a short time where a 
single work only is concerned ; but the causes and chances of delay are so multiplied 
in the case of numerous works, all pushed on simultaneously, that I, for one, should 
not like to run the risk. Besides, it would scarcely be possible to collect the 
requisite number of workmen for such short working seasons. 

14. We may now examine the modifications which the Committee propose to 
make in Major Crofton's project, with the remarks of that officer on them. The 
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excavation (para. 107). — The Committee propose, by raising the crests of the falls, 
to deepen the channel, and so to increase its carrying capacity, instead of attaining 
the object, partly by widening, and partly by deepening, as proposed by Major 
Crofton. That is to say, the depth of seven feet at Roorkee (corresponding to the 
supply to which the canal is now limited) would be increased to 11*3 feet by Major 
Crofton's proposal, while 56 feet would be added to the original width of the 
channel. On the other hand, the Committee would leave the width untouched, and 
would increase the depth to 14*5 feet, or more than twice the present depth. 

Here I think Major Crofton's design is to be preferred ; for independently of 
the greater ease of working with the smaller depth, he shows that the saving in cost 
of earthwork, effected by the Committee's modification, would be only half the 
anticipated saving, as the banks must in any case be put into proper order, and a 
good towing-path provided ; that the head-way for navigation would be seriously 
interfered with in five out of eight canal bridges ; that lock-walls, bridges, and gates 
must be raised also, as well as the superstructure of all falls, old and new, and the 
canal banks for some distance above these works. 

To which I may add that the result of long continued observations on canals 
has convinced me that, in the case of bed and banks of the same soil, when the 
velocity of the current is so great that there is a tendency to erosion, the banks will 
suffer before the bed if the depth of water is greater than one-thirteenth of the 
bottom width, or say one-fifteenth of the mean width. According to the recom- 
mendations of the Committee, the channel would have a depth of water ot more 
than one-twelfth its mean width ; and the mean velocity of the current would be 
two-and-three quarters feet per second, which is fully as much as the soil can stand. 
Under these circumstances, it is probable that it would be both troublesome and 
expensive to keep up the tow-path, without which navigation cannot be effectively 
carried on. 

15. Grating and Loci at Kunkhul Bridge (para. 108). — Here I agree with 
the Committee. Before the Committee met, I had drawn out fresh designs for the 
navigation arrangements from the Kunkhul bridge to the Puttree super-passage, in 
which a lock at the head of the present navigation channel was substituted for the 
one proposed at the Kunkhul bridge, the grating there being also omitted, and the 
navigation being continuous along the present channel, thus doing away with the two 
proposed new entrances and new exits to and from it The fault of the navigation 
channel at present is that it silts up rapidly, and thus becomes too narrow for boats 
to pass conveniently. The cause is, that at present a sufficient supply of water can- 
not be passed along it. I have therefore designed a new form of lock, in which a 
hinged sloping grating, with balanced shutters, takes the place of the upper-gate, 
and through it a full supply can always be run, except at the moment of a boat's 
passage. A lock on this principle in now being built on the Eastern Jumna Canal, 
for the sake of experiment. 

16. New Fall and Lock at Roorkee (para. 109). — Here I agree with Major 
Crofton. Independently of other reasons, a fall at Roorkee would be of so great 
value to the Workshops, that I should be inclined to make, a push for it. As 
noted by Major Crofton, the percolation through the brick-work arches of the 
Solani aqueduct is entirely due to the want of water-tight covering over them. 
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It is pretty certain that this percolation will almost entirely cease as soon as the 
covering has been given. There was a case in point on the Baree Doab Canal, that 
of the Deenanugger aqueduct, which was completely staunched by covering it with 
stiff unctuous clay, protected by brick-on-edge laid over it dry. In all probability 
the expense of protecting the earthen channel from the effect of increase of velocity 
given to the current by the Committee, would be greater than that of enabling the 
aqueduct to carry thirteen feet of water. 

The velocity of four feet per second for such a distance, as per the Committee's 
modification, would prove a serious obstacle to navigation, but the chief objection 
to it is, that it would considerably retard the process of natural puddling, which 
takes place with moderate velocities, by the induction and interposition of the finer 
particles of silt between the coarser particles of the soil composing the bed and 
banks of a channel. On a long line of earthen embankments, like that across the 
valley of the Solani, the process of natural puddling cannot be too much assisted. 

17. Additional Arch to increase the Water-way under Bridges (para. 111). 
— ^Whether the additional arch is absolutely necessary or not, depends on the 
practical requirements of navigation. I think the bridges may in the first place be 
allowed to stand as they are, but with the addition of protective stone-work to enable 
the earthen channel to stand the increased velocity through the bridge of three and 
two-thirds feet per second. Afterwards, if this velocity is found to seriously inter- 
fere with the haulage of boats, the additional arch can be given by taking advantage 
of the ordinary annual closures. 

18. Time in which proposel Work can he executed (paras. 112 to 114). — 
I do not agree with the Committee that the works can be executed during two 
short closures of about three-and-a-half months each. The Committee's estimate of 
the loss to be incurred by a. closure during March, 'April, and May, is probably as 
accurate an estimate as can be made, considering the nature of the questions involv- 
ed. But it seems needless to pursue the matter further. It has already been explain- 
ed that examples of single works executed in a very short time afford no criterion 
for the case in point, where the works are so numerous, and the number of men 
required so great, and the risks so multiplied. 

But the evils of a long closure are so great, that every effort must be made to 
avoid it. I propose, therefore, first to experiment on what can be done with a 
running canal. There appears to be no reason why new falls should not be built in 
the still water formed by turning the canal round the intended sites, and shutting 
off the requisite portions of the present channel. I do not anticipate great difficulty 
from the cisterns below falls. 

With under-sunk deep foundations for piers, &c., in sand, the cisterns would re- 
quire no other flooring than loose stone. In clay, pumps can be used. Major 
Crofton is now experimenting on the falls of the Baree Doab canal at my request, 
in order to ascertain the depth to which materials of different kinds, as shingle, 
gravel, clay, and sand are acted upon by a water falling through a grating. The ob- 
ject of the cistera however is not only to give a cushion of water over the floorings, 
but also to afford space in which the eddies and swirls of the descending currents 
may be changed into steady onward flow ; and for this reason, I prefer that the 
cistern should end with a long counter-slope if possible. 
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The alterations to the old falls are likely to prove more troublesome, especially 
above Roorkee. 1 have designed an addition to these falls, which can be applied 
during an ordinary closure; if successful, the chief diflSculty will no longer exist; if 
unsuccessful, and if no better expedient can be devised, the prolonged closure of the 
canal will remain as a last resource. 

For the earthwork, a long closure is not required. 

19. The large proportion of ^'artificial** to *' natural flow** irrigation on the 
Cawnpore and Etawah branches (para. 116.) — This I believe to be due princi- 
pally to the water-surface in those branches being at too low a level to command 
the country on either side without the intervention of long lines of rajbuha§, a con- 
siderable length of the upper portion of which must be non-irrigating. The small- 
ness of the present supply of water lowers the surface still more. The levels of the 
country are not everywhere favorable for the distributing channels ; the water-sheds 
are tortuous and interrupted ; in places the Etawah branch has had to be carried on 
sidelong ground, to the great disadvantage of the irrigation on the higher side. 
But it must be remembered that the system of distributing channels is far from com- 
plete, on the Etawah branch especially. In accordance with the orders of Govern- 
ment to suspend the extension of rajbuhas, as recomemended in the last paragraph 
of the report of Colonel Strachey's Committee of January 1864, funds have been 
withheld. The Budget grant for expenditure on rajbuhas in the present year is but 
a fourth part of the sum asked for. Under these circumstances effective distribu- 
tion of water cannot be expected. A project is now being drawn up for the remo- 
deling of the Etawah branch, for the improvement of both irrigation and navigation. 
But I object to the introduction of weirs or of any system of irrigation whereby the 
velocity of the water in the channel may be reduced below the normal standard of 
iwo-and-a-half feet per second: This system was tried for many years on the Roh- 
tuck branch of the Western Jumna canal with very objectionable results. But 
perhaps the Committee wished merely that the surface level of the water should be 
raised, without checking the velocity of the current. It should not be forgotten 
that Sir P. Cautley's project included lockage into the Jumna on this branch. 

20. Cross canals /or Navigation (para. 119J. — These I believe to be essential 
to the full development of navigation. Sir P. Cautley has proposed two cross lines 
to the Jumna. — See page 419, Vol. I. of his Report. In my project of 1850 for 
the Baree Doab canal, I proposed such a system for the Punjab, in connection with 
navigable irrigation canals. But each line must be taken up on its own merits. 
At present the main canal affords more than atnple employment for the executive 
establishment. 

21. The width of Lochs (para. 120). — I agree with the Committee that, under 
present circumstances, it is advisable to retain the present width of sixteen feet. 
Plans were drawn out last cold weather for attaching locks, twenty feet wide, to all 
falls; and it was found that the additional cost (over and above Major Crofton's 
estimate, which allowed for sixteen feet only) was very great. I should be inclined 
to utilize the existing locks and lock-channels, by fitting the locks, with the hingedi 
grating already described, so as to enable the full supply to pass. Deposit of silt 
will thus be prevented, and the proper width of channel at water-line will be main- 
tained. 
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In connection with each new fall I would build two locks^ one on either side, 
the locks forming a portion of the fall, and discharging as much water in propor- 
tion to their width as any other part of the fall. With locks attached to falls, repairs 
cannot be easily executed unless the canal is closed. It is adyisable therefore to pro<- 
vide two locks, one of which at least shall always be in perfect order. If navigation 
increases, as doubtless it will to a large extent, two locks will be everywhere required, 
and it is much easier to build them at once, than it will be to add them hereafter. 
The additional expense of building them is not very great. 

While on the subject of navigation, I may mention one alteration in the disposi- 
tion of the tow-paths, &c., as projected by Major Crofton, viz., to place the five-feet 
towing-path on the left, and the fifteen-feet path on the right bank. This would seem 
advisable for tlie following reasons : — There is at present no roadway on the right 
bank — no means whatever of riding along it and inspecting it — consequently the 
right bank has everywhere fallen into a very neglected state. The rain cuts. it into 
ravines, and the soil is washed down into the canal in large quantities. Much of 
the excessive silting up of rajbuhas is due to this cause. The plantations also on the 
right bank not being easily visited, are neglected. It is as well, too, that access to raj- 
buha heads on the right bank should be facilitated. Again, the course of the canal, for 
the length proposed to be widened, being generally north and south, the prevailing 
strong westerly winds make the right or sheltered bank preferable for towing, even 
though it be necessary occasionally to cross over from one side to the other. It 
certainly would facilitate towing very much, were choice of side possible ; and it 
is to be hoped that eventually there will be uninterrupted passage for boats by 
water, and for cattle by land, along both banks. Again, in cutting the fifteen-feet 
tow-path on the right bank, it will not be necessary to interfere with the present road- 
bank on the left, or with the thriving plantations close outside it. These would be 
considerably encroached upon were the wider tow-path excavated from the left bank. 
In the actual execution of the work, by placing these paths three feet above the 
level of the water instead of two feet, and by making the side-slopes for that three 
feet one in one-and-a-half, instead of one in two, an extra width of one-and-a-half 
foot is added to the paths, with a small saving in cubical contents of excavation. 
This has already been carried out above Roorkee. 

22. New Branch Canal from Roorkee to Deobwnd (para. 121). — This project 
must be kept in . abeyance till the actual supply available from the Ganges river 
shall have been ascertained. As far as my information goes at present, there 
is no water to spare for it (the Futtehgurh branch must first be provided for), and 
just now there is much work to be done of a more pressing nature. 

23. Periodical closure of Canal (para. 122). — The exact time of closure must 
depend very much on the nature of the season, and must be left to the discre- 
tion of the Superintending Engineer. But, as a general rule, August is the month, 
a closure during which is least hurtful to irrigation. If heavy rain falls in January 
the canal may sometimes be closed in that month. The Ganges canal was closed 
for inspection and repair last August, after having been run uninterruptedly for 23 
months, and it is probable that it will now be closed annually at the same season ; 
but this must depend on the urgency of the work to be done and on the weather* 
It must be noted, however, that there are serious objections to a closure in August. 
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The unhealthiness of the season not only endangers the lives of the Engineers and 
of their men, working in the half-dried bed of the canal, but adds to it the difficulty 
of obtaining labor ; and the heavy falls of rain, while making the cultivators inde- 
pendent of artificial irrigation, and so rendering it possible to close the canal, are 
not favorable to the operations of the mason and bricklayer, or indeed to work 
generally. 

24. The Superintending Engineer's report on the state of tbe canal channel, 
and of the works generally, on the occasion of the last closure, will be annexed as 
an Appendix (A.) to this Memorandum, if it arrives in time. I give here an ab- 
stract of his demi-official report. 

''From Myapore, the head of the canal, to Roorkee, 19th mile, the masonry 
works were found to be uninjured. Between Roorkee and Jaolee, *49th mile, the 
bridges were uninjured, and the sole damage done to falls consisted in the strip- 
ping off of some of the brick-on-edge covering to ogees and flooring of three falls. 
The Jaolee fall had a settlement (independent of the foundations) of a portion of 
the flooring of two bays, which however occurred in September, 1864, and which 
had remained in statu quo ever since. Below Jaolee, four falls had a little of the 
brick-on-edge stripped off ogees. All other masonry works were uninjured. 

'' The earthen channel was found to be in good condition, as compared with its 
state in 1864. All the holes in the bed, which necessarily exist below falls, and 
below btidges through . which there is a considerable rush of water, have not only 
become shallower, but have moved further off from the works than they were 
formerly." 

25. Proposed Weir across the, Ganges at Hurdwar (paras. 123 to 128). The 
Committee ''would not advocate the construction of a permanent weir across 
the Ganges, if 5,000 cubic feet per second were to be the full supply of the canal ;" 
and they add, that comprehensive knowledge of the locality is requisite before a 
detailed plan can be furnished. The Engineer employed in obtaining the necessary 
details had to be removed to take part in the survey of the Ganges Khadir before 
the arrival of the Committee, in obedience to Government of India's No. 83c., dated 
25th January, 1866. (Reference E.) no one else being available for the duty. 

With reference to the Committee's 126tl> paragraph, concerning the exaggerated 
reports of the so-called failure of the Ganges Canal during the famine year, I may 
quote Mr. T. Login's opinion : — " During the hot season in 1860, there was an un- 
precedented demand for canal water, owing to the want of rain ; and in the attempt 
to push down a larger supply than was necessary in former years, a branch of the 
Ganges opposite Hurdwar had its bed scoured out at every flood. The water 
required for the canal escaped down the channel. Thus when there was the great- 
est demand there was only half a supply. Fearing the recurrence of this state of 
things, an urgent demand was made for ^30,000, to be expended within the cur- 
rent year for head-works. Hence arose a report that the canal had failed for want 
of head-works. In the early part of 1861 an expenditure of <£ 1,000 was sanction- 
ed for protecting the bed of the Hurdwar channel, and the works for the purpose, 
consisting of temporary bunds, proved effective. The temporary bunds used cost 
altogether about ^2,000 per annum, and they send down as much water as is re- 
quired ; still there is no doubt that permanent heads would be an improvement ; 
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only it is very questionable whether they would pay at present^ so they may be 
deferred." 

Colonel Morton's opinion on the necessity for permanent head-works is annexed 
as Appendix B. 

With the present limited requirements of the Ganges canal, the Executive 
Engineer of the Northern Division (Captain Forbes) can maintain the supply with 
almost absolute certainty. But a less experienced, or a less energetico£Scer, might 
not prove equally successful. 

26. With reference to the 54th paragraph of Government of India's Proceed- 
ings, No. 227c -1110, dated 27th February, 1865 (Reference C), on Major Crofton's 
suggestion that a point opposite Kunkhul, a little below the present head of the 
canal, might be found suitable for new head-works, as being below the point'where 
all the branches of the Ganges re-unite, the levels already taken show that the 
scheme is not feasible. Nor does there appear to be any point where a dam or weir 
across the Ganges could be built, so as to serve both for the Ganges canal, and for 
a new canal from the left bank of the river, to irrigate North- Western Rohilkund 
during the rainy season. 

27. On Hone from the Sewalik hdls, and from the Himalayas, for the Canal 
works, I have already remarked (in paragraph 12). In the Committee's report, as 
printed, there is an erratum on page 39. The crushing weight for *' middling" stone, 
dry, should be 4,356 lbs. per square inch, not 5,356 lbs. And it may be noted, for 
the sake of clearness, that on pages 40 and 41, the three paragraphs beginning, — ''I 
have now the honor to inform you," and ending '' the search for it shall not be 
abandoned," are extracts, not from my letter of the 31st May, between two para- 
graphs of which they are inserted, but from a subsequent letter of the 13th June 
last. 

28. On the question of the Allahabad Extension, I agree with the Committee. 
As already stated in the case of cross canals of navigation, each such project must 
be taken up on its own merits. 

29. Financial state of the Canal. — In paragraph 144, for '' the annual receipts 
will be increased by eight annas per acre on about 583,000 acres, or nearly three 
lakhs of rupees," might be more correctly read, " the annual receipts will be in- 
creased by eight annas per acre on about 1,749,000 acres, or 8f lakhs of rupees." 
And in paragraph 148, for, '^ but if the enhancement of land revenue due to the 
canal, which is estimated approximately at upwards of Rs. 2,90,000, be credited 
in the receipts, the return for the year would be five per cent, on the outlay," might 
be more correctly read, " but if the enhancement of land revenue due to the canal 
which is estimated approximately at Rs. 8,74,500, be credited in the receipts, the 
return for the year would be very nearly 7f per cent, on the outlay." 

The above errors were caused by the Committee's not distinguishing between 
the area of land actually watered during the year, and the area which in an average 
well-irrigated district is assessable as '^ irrigated land." The Committee quote para- 
graphs 8 and 9 of Section XYIII. of my project of 1850 for the Baree Doab canal ; 
but the statements there given require to be read with the context. Reference is 
made to paragraph 6 of the same Section, which shows that in the Meerut district 
(the best irrigated on the Eastern Jumna canal, and to which paragraphs 8 and 9 
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refer) actual watering is practised to the extent of one-third only of the total area of 
land which comes under the denomination of '^ highly irrigated." Hence the land 
revenue enhancement of eight annas an acre on the area assessed as '' irrigated land " 
must be calculated on three times the area actually watered. This will be readily 
understood when it is considered that land which is left fallow, as well as land on 
which rain*crops are grown in any year, is not chargeable with water-rate for that 
year, but is chargeable with the assessed enhancement of land revenue. It is so of 
course every year during the term of the settlement, no matter what its state may be, 
whether it be irrigated or unirrigated, cultivated or uncultivated. 

The above estimate of eight annas per acre on three times the area actually 
watered is of course equivalent to one-and-a-half rupee per acre on the area actually 
watered, and as stated in my report quoted by the Committee, it is based on the 
statistics given by the late Colonel R. Baird Smith in his valuable article on *' Canals 
of Irrigation in the North- Western Provinces,'' published in the Calcutta Review 
for September, 1849 ; and I have since been informed by The Hon'ble the Lieute- 
nant-Governor that Mr. Muir assumes the same rate of one-and-a-half rupee per acre 
as a general average. It may therefore be adopted with confidence. 

In further explanation, I may observe that I took the Meerut district rate as 
a fair average for the whole canal, because it is centrically situated, being neither 
naturally moist, with water near the surface, as is Seharunpore ; nor as dry as Bu- 
lundshuhur or Etawah. Mr. H. LePoer Wynne, the Settlement Officer of the Seha- 
runpore district, has contributed a valuble paper, copy of which I annex (as Appen- 
dix C), explaining his method of estimating the amount of enhancement of land 
revenue due to canals, and illustrating it by a statement of enhancement for the 
Seharunpore district. It appears from his statement that the average rate on the 
area of land actually watered at the time of his settlement is 1 and l-16th rupee per 
acre. This rate for the naturally] moist and well-irrigated district of Seharunpore, 
accords sufficiently well with the Meerut rate of 1| rupee per acre, the assumed 
average for the whole canal. 

30. With regard to the Committee's remarks on economy in the use of water 
and on water-meters (paras. 153 to 167), I annex (as Appendix ]).)copy of paras* 
12 to 15 of ^' General Remarks'* in my Revenue report for 1863-64, from which 
it may be seen that a fall, of say one foot perpendicular, or at all events a 
mean velocity of not less than two-and-a-half feet per second, is required in a chan- 
nel, in order that its discharge may be registered, or that an effective module may 
be constructed to equalize its discharge. For localities where a fall can be obtained 
there are many kinds of modules which would answer ; — one by Colonel A. G. 
Gt)odwyn, on the principle of the conical vertical stopper; one of my own, of 1851, 
on the principle of the balanced sluice ; one by the late Colonel Patrick Stewart, 
proposed to me in 1856, on the principle of the floating siphon ; another on the 
same principle, proposed by Major H. Hyde in 1862 ; Mr. Faulkener's on the same 
principle, which he has just patented, but inadvertently I imagine, as it is one of 
the oldest hydraulic inventions of which a record has come down to us, being des^ 
cribed and figured in the ?Spiritalia" of Hero of Alexandria, who flourished in the 
time of the Ptolemies. Mr. Faulkener has also patented several very ingenious 
modifications of the balanced shutter, and of the floating head ; but all these mo- 
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dules are more or less complicated^ requiring^ floats to work them, or at least to 
assist their action. The most promising module I have yet seen is one lately 
patented by Lieutenant W. J. Carroll, R.E., in which the impulsive force of the water 
issuing from an orifice is made to regulate its own discharge. A module on this prin- 
ciple is in hand, and will shortly be set up and experimented on, as well as some of 
the simpler modules of Mr. Faulkener's invention. 

It may be observed, however, with reference to the Committee's remarks, that 
even under the system of water-rate charged on the area of land irrigated, consid- 
rable inducement is afforded to the cultivator to make the most economical use 
of the water issued to him. For the supply of water being limited, and the area of 
land requiring water being practically unlimited, he naturally tries to make the water 
go as far as he can. The steady and rapid increase of the irrigating duty rate (area 
irrigated per cubic foot per second) of water supplied by the Ganges canal, shows 
that vigorous efforts are being made to economize water, and to employ it to pro- 
per advantage. In the Etawah division, the Executive Engineer has actually been 
obliged to warn some of the cultivators not to attempt too much at first. The 
great secret of economy in irrigation is that the land should be properly levelled, and 
prepared, in small plots, to receive the water ; in order that one end of a field may 
not be submerged, while the other end remains parched and the centre portion alone 
produces a fair crop. This preparation of the land the cultivators always postpone 
as long as they can, but the late, enhancement of water-rates will compel them to 
attend to it tnore carefully. As soon as the land under canal irrigation is as care- 
fully prepared to receive the water as the plot round a well, the irrigating duty rate 
will approximate to the standard for well irrigation, which I calculated at 400 acres 
per cubic foot per second. This is the result of actual observation on wells in the 
Punjab. The Committee have arrived at a similar standard (414 acres) in another 
way. 

31. With regard to the Committee's remarks on the comparative financial results 
tf irrigation works in the Madras Presidency and in the North- Western Provinces, and 
to the valuable appendices thereon by Colonels Lawford and Anderson, it may also 
be noted that, in the financial returns of Northern India, irrigation works are, by 
order of Government, debited with interest at 5 per cent, per annum on their cap- 
ital expenditure. On the other hand, Madras works are debited with interest at 4 
per cent, only, I do not know the cause of this difference, but the result tells heavi- 
ly against the works of Northern India. I have represented this matter in a separate 
report. No. 170c., of the 10th instant. 

32. As regards the probable cost of the works necessary to enable the Ganges 
canal to carry with safety the full supply which may be permanently available at 
Hurdwar, I should be inclined to let Major Crofton*s estimate stand ; for any sav- 
ing effected in one direction will probably be expended in another. The quantity 
of earthwork, for instance, may be less than he estimated, but it has been ascer- 
tained from actual work, that his rate of 2 rupees per 1,000 cubic feet is too low, and 
that the work will cost 2| rupees, working as economically as possible. If the work 
is to be pushed on quickly, the rate must be raised to 3 rupees per 1,000 cubic feet. 

33. In conclusion, and to recapitulate, I recommend that Major Crofton's pro- 
ject be adhered to in principle, retaining the slopes for water's surface laid down in 

4 
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his Appendix B. ; that the manufacture and collection of materials as required for 
the works projected by him (with the exception of extra arches to bridges, and with 
the addition of extra tail protection to those works) be gone on with ; that a suffi- 
ciency of material to provide for all possible requirements in repair be landed at sites 
of existing works with the least possible delay; that the left bank of the canal 
with 5-feet towing path, be sloped off and completed wherever practicable ; that the 
right bank above Roorkee be sloped off and completed with the 15-feet roadway ; 
and that observations be carefully made to ascertain the minimum discharge of the 
Ganges, Jumna, and Hindun rivers, as well their discharges for some time before and 
after the period of minimum discharge. By the time all the materials are ready, we 
shall probably have obtained the requisite information on this head. Meanwhile 
opportunity should be taken in every ordinary closure to experiment on the adap- 
tation of existing works to carry a larger supply of water, and generally on the 
execution of work without a prolonged closure ; — the staunching of the Solani 
aqueduct inclusive. 

I recommend that the survey for a detailed project for the new canal from the 
Jumna at Alee be at once started, and that for the head-works at Hurdwar com- 
pleted, and that both projects be prepared as soon as possible. Also the projects 
for remodeling the Cawnpore and Etawah branches. The Futtehgurh branch must 
wait for the decision of the question of supply of water available. I can see no 
reason why, with Executive Engineers available for both, the work of remodeling 
the Ganges canal should be postponed for the Jumna canal project, oY* vice versa. 
And this opinion I gave the Committee, on being asked for it during, their discus^ 
aion of the question. 



J. H. DYAS, LiEUT.-CoL., R.E., 
Chief Engineer, Irrigation Works, N. W. l\ 
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APPENDIX A. 



Demi' Official Beport an the State of the Ganges Canal Worlcs^ as observed in the closure of 
Augmti 1866, hy Major H. A. Brownlow, JR.B. — Dated JRooriee, 2Zrd August, 1866. 

Between Myapore and Sooriee, the damage to masonry is quite insignificant. 

Below the Myapore Regulator the bed has been slightly scoured (maximum depth 2 feet^ at 20 
feet from bridge, against 1^ foot in 1864) ; but at 80 feet from bridge, a heavy shingle and silt 
deposit has taken ^lace, as was to be expected (3 feet above bed, against 2 feet in 1864.) 

Below JcwalapooT Bridge^ a cutting of maximum depth of 8 feet in 1864^ has silted up to 3 feet^ 
and has moved some 50 feet further away from bridge. 

Below Raneejpore Superpassage, maximum depth of cutting 9^ feet against 10^ in 1864^ at same 
distance, 60 feet, from end of crib-work. 

Ki BaAadoorabad FaU (upper), maximum depth 23| feet, at 80 feet from end of pile-work; 
against 21 feet, at 60 feet, in 1864. 

At ^aia^(>rada^ i'a// (7<?fe?^^, maximum depth 29} feet, at 100 feet from crib- work; against 
12 feet, at 20 feet, in 1864. 

At Puttree Superpaasage, maximum depth 15^ feet^ at 60 feet from crib- work ; against 11^ feet, 
at 20 feet, in 1864. 

At Roarkee Bridge, maximum depth 6 feet, at 150 feet from flooring ; against 8 feet, at 40 
feet, in 1864. 

At Asufnugger Fall, maximum depth 22i feet at 106 feet from crib- work; against 31^ feet, at 
70 feet, in 1864. 

At Munglour Bridge, maximum depth 15i feet, at 160 feet from flooring; against 17^ feet, at 
140 feet, in 1864. 

At Liburheree Bridge, maximum depth 8 feet, at 120 feet from flooring; against 15i feet, at 
100 feet, in 1864. 

At Mahmoodpcor Fall, maximum depth 25^ feet,* at 180 feet fi^m crib-work; against 30} feet 
at 200 feet, in 1864. 

At DhunuU Bridge, tnaximum depth \\\ feet, at 180 feet from flooring; against 15 feet, at 70 
feet, in 1864. 

At Nirgqjnee Fall, a small hole, 50 by 30 feet, and 4 feet deep, close to the crib- work, has remained 
unaltered since 1864. 

At Belra Bridge, maximum depth 15 feet, at 90 feet from flooring ; against 26^ feet, at 80 feet 
in 1864. 

At Jawlee Fall, maximum depth 25i feet at 80 feet from crib-work ; against 22^ feet, at 50 
feet, in 1864. 

Between Rooriee and Jowlee, the damage to masonry works consisted of the scouring out of a 
oonple of holes in the ogee of the centre bay of the Mahmoodpoor Fall (these were not more than 2 
feet deep, and were easily repaired) and of the ripping off of about 1,500 square feet of the upper layer 
of flooring in centre bay of Nirgajnee Fall immediately below ogee. 

In the flooring of the Jowlee Fall, a subsidence, which took place in August, 1864, had remained 
unaltered. A space measuring 54 by 32 feet in the right bay had sunk 1\ feet on the average ; and 



( 16 ) 

another spaoej measariDg about 82 by 22 feet^ in the centre bay had sunk 4 feet. A few stones 
were knocked out of the floor in other places. 

In the Meerut JHvUion (below Jowlee) the injury to masonry works has been confined to the 
stripping off of brick-on-edge flooring in places at the Chitowrah^ Sulawur^ and Bholah Falls^ and it 
is very trifling in extent.. 

In the AUyfurA Divmon, the only damage which had taken place since 1864^ was co the floor- 
ing of the second bay from the right of the Somera Fall. The upper layer of brick-on-edg^ was 
washed dean out, exposing the upper surface of the kunkur foundations. 

No damage of any consequence in the other Divisions. 

The repairs carried out have beeni— careful fiUing of all holes in masonry works, the upper layer 
being replaced by Delhi stone in all cases, except on ogees, where brick-on-edge had to be used ; 
thoropgh renewal and extension of stone or brick-slag aprons above and below all masonry works ; 
filling in trees (dug out by the roots, and heavily weighted by stones attached to butts) into the deeper 
holes wherever they existed. 

The Delhi stones in flooring have been laid with their dressed faces downwards, as it has been 
observed that all displaced stones had finally rested on the flooring in that position. 

(Signed) H. A. BEOWNLOW, Majoe, R.E., 

Supdjf. Engr., lit Circle, Irrigation IForh, N.\W. P. 
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APPEIfDIX B. 



Memorandum on the necessity for Permanent Head Works at Hurdwar, 

The Ganges canal Committee have recorded their opinion, (para, 124 of Report,) that if the 
supply at present required by the canal at Myapore, or about 5,000 cubic feet per second, were to be 
the maximum one at that point. Permanent Head Works would not be necessary. 

2. This opinion is enforced by the following arguments : — 

\st, — ^That the expense attendant on the annual construction of temporary weirs iJiUfuUt) 
has not increased to the extent that was anticipated. 

%nd. — ^That the annual saving due to the substitution of permanent for temporary head 
works would be only a little over Bs. 10,000 ; and that even if this saving were to increase to Bfi. 
15,000, it would represent a capital of but three lakhs of rupees, for which a permanent dam or weir 
could not be built. 

Sri. — ^That although there is some risk of the river falling so low during the rainy season 
as to render the re-construction of the temporary bunds necessary before the usual time for under- 
taking the work, as happened in 1860-61 ; yet with the more extended experience now possessed 
by the Executive Officers, and the good management that may be expected, there should be no diffi- 
culty in feeding the canal during the monsoon. 

3. I cannot think that the Committee have fully appreciated the importance of the question at 
issue. 

The arguments as to expense may be disposed of in a very few words. 

No doubt, if the canal could be provided with a permanent head for a certain outlay, the interest 
on which represented or fell short of the annual expenditure on the perishable structures now em- 
ployed, the fact might be brought forward as a very good reason for incurring the capital outlay. 

But the converse by no means holds good ; it cannot, as I conceive, be asserted, speaking within 
bounds, that because the temporary works are maintained at an annual expense which is less than the 
interest on the capital sum required to build a permanent weir, therefore there is any reason whatever 
why the latter should not be preferred. The decision of the question will not rest on money consider- 
ations, if it can be shown that interests are involved which cannot be gauged by rupees. 

4. The point really to be determined is this,— does the well-being of the canal, and of those 

a 

who are dependent on it for their very existence, demand that permanent head works should replace 
the present temporary ones ? 

If the reply be in the affirmative, I stibmit that it is a matter of comparatively very little im- 
portance wbether the annual expenditure now incurred represents interest at 2^ or at 6 per cent., on 
the capital to be sank on permanent works. 

5. Now I base my opinion that a permanent head is a vital necessity for the Ganges canal on 
the very experiences which the Committee interpret the other way. These experiences are derived, 
fintlg, from the famine year 1860-61 ; and secondly ^ from the ordinary requirements of the canal. 

6. As regards the famine year, the Committee say that the failure of the canal during that 
period has been exaggerated. In what form this exaggeration has appeared, or who is responsible for 
it, is not stated. But ^the Committee proceed, apparently, to prove the fact of the exaggeration as 
follows :— 

'' For a great part of that year, the whole supply of the river was turned into the canal, and the 
Revenue returns were more than double those of the previous year ; but the fact of 73 acres only 
having been irrigated per cubic foot of water admitted into the canal, while at present upwards of 
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140 are irrigated by the same quantity^ indicates that the great want of the famine year^ so far as 
the canal was oonoemed^ was the means of distributing the water. The rajbnhas were then in their 
infancy, and without a proper proportion of them, it would haye been useless to increase the supply 
from the river/' 

7. This extract from their Report leads me to suppose that the Committee have not clearly 
comprehended the difficulties that were encountered during the famine year. It is^possible that the 
whole supply of the river, — minus leakage, no inconsiderable item of loss in crib and boulder bunds, — ^was 
for part of the year turned into the canal. But the canal supply during the rainy season at all events 
was very inconstant, as is shown by the canal gauge register at Myapore and Roorkee, copy of which, 
for the months of June^ July, August and September, 1860, is appended to this Note. And this incon- 
stancy was obviously not due, directly at least, to the fluctuating volume of the river, but to the 
defective head arrangements on the canal itself. Indirectly, the varying level of the river's supply had 
a very serious effect, which a masonry weir would have warded off. The river would suddenly rise 
with one of the spasmodic falls of rain that used to occur that year, and as suddenly fall after more or 
less injuring all the temporary bunds. The consequence was that the canal supply fell, too, simply 
because the head works had no proper control over the river. 

8. I have a distinct recollection of the trouble and anxiety which the maintenance of the canal 
supply cost us that year, after the bunds were breached, about the middle of June, for the first time 
in the season, and this recollection is amply corroborated by a private journal kept at the time. I 
will quote only one entry. On the 25th September, I went up to Myapore with the late Colonel 
TumbuU, and, after a careful inspection of the head works, I recorded our joint opinion as follows : — 

" The canal supply is now terribly low, although water is much wanted. It becomes a serious 
question, which we must solve as soon as possible, what arrangements are to be made for maintaining 
the canal head; it is dear that the system hitherto followed is useless, in seasons like the present, for 
securing a full supply, and that it is even incapable of giving any regular supply at all.'' 

Whatever value such an opinion may possess on other grounds, it has at least the merit of having 
been formed on the spot, after a tolerably intimate acquaintance with the canal head works daring the 
most trying year of their existence, and is not due to any effort of memory. 

I do not suppose that any one who witnessed the almost daily struggle that went on for upwards 
of three months in keeping up the canal supply, would call it exaggeration to say that all the losses 
and anxieties to which the cultivators irrigating from the Ganges canal were subjected during that 
period were attributable solely to the absence of proper means of controlling the river. 

It is scarcely needful to point out that it is not sufficient, in order to meet the requirements of 
the canal, to secure at intervals its full supply. There should always be a full supply, so long as water 
is in demand, and for this purpose the head works should be capable, if necessary, of abstracting (prac- 
tically) every drop from the channel of the river. 

It has been well said that ^' the essence of all irrigation projects is certainty and continuity of 

« 

supply." 

9. But the Committee seem to imply that whatever difficulties beset the management of the 
canal heads in 1860, the experience now possessed by the Executive Officer and his Establishment 
would bring about a different issue, if a similar year recurred. 

I feel sure that I shall not be suspected of depreciating the merits of the able and energetic 
Officer now in charge of the Northern Division of the canal if I express my deliberate belief that, so 
far as the main results are concerned, they would not be very different now from what were attained 
in 1860, if the same circumstances were to arise. Making every allowance for the additional experi- 
ence acquired during the last six years, the fact remains that no human care or oversight can prevent 
temporary bunds from being breached by floods ; and if, as in 1860, the river alternately rises and fidk, 
the bunds must be frequently repaired, and on each such occasion, there must be more or less interrap- 
tion to irrigation. The utmost, therefore, that the Committee can make of their argument, is, that at 
the present time the interruptions would be of less duration than they were in 1860. 

10. I may here advert to what seems to me an error of deduction in para. 126 of the Com- 
mittee's Report. The statement that one cubic foot of canal water now irrigates 140 acres, while in 
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I860 the same quantity covered only 73 acres^ does not merely indicate that '' the great want of the 
famine year^ so far as the canal was concerned^ was the means of distributing ^ater/' Of course 
these means were then very defective^ and there can be no doubt that^ had they been more ample^ the 
same maximum supply in the canal would have sufficed; in other words^ that a large proportion of 
the water taken in at the head was wasted. But it is to be borne in mind that this waste was neoes- 
saBjr to admit of the rajbuhas that then existed, doing their duty. The canal, was pledged to provide 
for a certain area of irrigation ; for this area ny buhas and their minor distributing channels were ready. 
But the sills of rajbuha heads are, in the upper parts of the canal, laid considerably above canal bed. 
So also the sills of rajbuha outlets {KolabaisJ are above rajbuha beds. For the canal, then, to give its 
^ rajbuhas, and these to yield to their minor channels a proper supply, it must happen, when irngation 
arrangements are not fully developed, that much more water is required than is actually expended with 
profit. And if this waste be not incurred, all irrigation over large tracts will cease. Accordingly it 
is incorrect to assume that, because the acreage of actual irrigation seemed to require in 1860, a canal 
supply only one-half of that now utilized, therefore half the present supply would have sufficed in 
that year. 

11. A year like i860, however, is an exceptional occurrence, and although I contend that to 
provide satisfactorily for the demand of such a year, the canal should have permanent head works, I 
consider that the necessity for these works is far more general. 

It frequently happens that during the months of March, April, and May, floods severdy injure 
the temporary bunds. These are of course at once repaired, bu^ it is impossible to avoid interruption 
to irrigation. Thus in 1861, the Oovemment, North Western Provinces, reported to the Government 
of India that " the head bunds on the Ganges canal were much damaged by an unexpected flood on 
the 17th May, the water in the canal being reduced to 5 feet.'' The Deputy Superintendent CtenenJ 
of Irrigation, North Western Provinces, wrote on the 1st June following that, " the breach in the 
Bheemgoda bund, caused by the flood of the 17 th ultimo, has been widened by subsequent floods. 
# * « In all probability the rain which has fallen yesterday and to-day will so swell the river, that 
the total destruction of the bunds will be effected, although a month earlier than it is looked for in 
ordinary years.'' 

The records of the time afford ample proof that this occurrence caused the most serious anxiety, 
lest the misfortunes of the previous year should recur, and it was not until the 17th June that the 
setting in of a most favorable rainy season removed all fears of a continuance of drought. Such 
accidents to the head bunds are of almost yearly occurrence ; their effects are not always equally disas- 
trous, but they undoubtedly contribute to keep up that distrust of the canal, which has done much to 
oppose its progress. 

12. There is an argument in favor of Permanent Head Works, which the Committee notice, 
but which, I cannot help considering, they pass over too lighUy. It is that the maintenance of tem- 
porary weirs during the rains, when such a proceeding is necessary, involves exposure which it is very 
desirable to avoid, for the sake of both Europeans and Natives. This argument is a strong one as 
regards the members of the canal Establishment; but it is their duty to incur such risks, and they 
cheerfully fulfil it. How much stonger is it where workpeople are concerned ! 

^ It is useless to deny that labor employed on the canal head works during the unhealthy season of 

the rains is not in all respects voluntary. Allow full liberty of action to the laborers, offering even 

^^ increased rates of daily wages, and how would the head bunds be repaired? No matter what the 

I ^ mode of persuasion adopted be, it may not amount to positive force ; but such as it is, I hold that even 

^ at the risk of a capital outlay, which shall be equivalent to an annual expenditure double of the present 

^ one, the necessity for such a system should be removed at once by abolishing all the temporary works, 

vt and replacing them by permanent structures. 



jd 
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Ntnbb Tal, 1 W. E. MORTON, Colonel, 



^ Tie i9iA October, 1866. J Secretary to Govt., If. W. Provinces, P. W. D. 
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Better of Water at Myapore and Boorkee. 
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Executive Enginebe's Office, Noethekn-n 

Division, Ganges Canal. > 

Dated Booriee, tie Htk October, 1866. 3 



J. G. FORBES, Captain, E.E., 
Executive Engineer, Northern Dwision, Oangea Canal. 



^ 



( 21 ) 



APPENDIX C. 



Memorandum on the method of estimating the amount of enhancement of Land Revenue due 
to Irrigation Works, illustrated by a Statement of enhancement in the Seharanpore 
district, hy H. Le Poer Wynne, Esquire, C.S,, Settlement Assistant. — Dated Seharan- 
pore, the 2\st September, 1806. 

Haviko^ for purposes of assessing the canal irrigated tracts and the neighbourhood, divided the 
villages of each pergonnah into two groups : — 

lit — ^Those irrigated by the canaL 

2nd. — ^Those not irrigated by the canal, bat of similar natural qualities ; and having now finally 
worked out the assessment of both, I am able to give a far more accurate estimate than I prepared 
before. 

The method adopted is as follows : — 

By Applying to the cultivated area of the irrigated tracts (Column 2) the rent-rate adopted for the 
corresponding non-irrigated tract (Column 12), the rental which the former would bear if there were no 
irrigation from the canal, is obtained (Column 7). Multiply this by 0*55 to get the jumma (Column 
8). Deduct the product from the Jumma actually assessed on existing assets (including those due to 
canal (Column 6), and the remainder (Column 9) shows the increase due to the canal). The figures 
given in Columns 4 and 10 are of use, as showing what the per-centage of increase is, where such and 
such a proportion of the total area is irrigated. 

I may mention that I have omitted firom this Table the canal-irrigated groups of Boorkee and 
Jowalapore, and also Deobund V ., in which canal irrigation has been but little extended, and in the 
two former of which, owing to the usually plentiful taH of rain, canal irrigation is of comparatively 
little advantage. These groups entered into my former calculations, and lowered the average of the 
whole Zillah. 

(Signed) H. LE FOEB WYNNE, 

Settlement AaiitaHt. 

[See Statement overlerf.'l 
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APPENDIX D. 



Extract (paragraphs 12 to 15; <?/ *' General remarks'- in the Annual Bevenue Report 
on Irrigation Works in the North-Western Provinces, for the year 1863-64, by 
Lieut. 'Colonel J. H. Dyas, B.E., Chief Engineer of Irrigation Works, North- 
western Provinces. 

12. It has lately been asked by Oovemment why the system of rating per cubic foot of 
discharge is possible in the Doon, and not elsewhere; I shall endeavor to explain... In order to 
measure the discharge throughout the year of any stream of water, we must either set up a machine 
technically called a module) at the head of the water-course, which shall make the discharge through 
it constant, in spite of all possible fluctuations of the height of water in the canal which supplies the 
the water-course, or which shall register the ever-varying quantity of water passing through it, or 
else we must keep a daily register of the height of water, by inspection of a water-gauge fixed in some 
permanent part of the water-course at, or not far from, its head ; when by means of a series of obser- 
vations on sectional area and velocity of current with different heights of water on the gauge, we are 
enabled to compute a '* Table of discharges ^' corresponding with all possible readings on the gauge* 
Combination of the information given in this Table, with that afforded by the daily register of the 
gauge, will then give the discharge for the time during which the gauge was registered. 

IS. Now, whether we make the discharge constant by means of suitable machinery, or whether 
we measure the varying discharge by a self-acting water-meter, or \ff simply registering daily the 
height of water on a gauge, one thing is essential, viz., a velocity of current sufficient under all fluc- 
tuations to maintain in its int^prity that point of the channel, where the machine or the gauge is 
fixed, together with such a length of channel below that point, that the normal velocity of the current 
for each yaiying height of water shall in no way be interfered with. If the velocity of the current is 
not at all times sufficiently rapid to carry forward the silt held in suspension in the water, silt must 
be deposited, and the machine will be clogged, and the section of the channel will be so altered, that 
the readings of the height of water on the gauge will no longer denote for us the corresponding dis- 
charges as given in the Table; nor will a reg^ter of the depth of silt deposited get us over this prac- 
tical difficulty, because silt is not always deposited in the same way, and the deposit is not confined 
to a layer uniformly spread over the bed of the channel, the sides also coming in for a considerable 
share. 

14. In short, what is wanted, in order to measure the discharge in a water-course subject to 
fluctuations, is a clear fall, of say one (1) foot under all circumstances. With this fall we can measure ; 
without it, we cannot ; that is to say, in earthen channels. For, supposing we had in an earthen 
channel, at the lowest irrigating level of the water, a velocity of current sufficient to prevent deposit of 
silt, a very moderate rise of the water would give an increased velocity, which would soon be too 
much for the earthen channel. In a masonry channel of course this would not happen, but masonry 
channels are rare. 

15. In the Doon, high velocities in masonry channels and falls in earthen ones can be had, 
and falls can be had also in the higher portions of the canals in the plains. Wherever they can be 
had, I propose to carry out the system of contract rating per cubic foot of water issued. Lower down 
in the plains it is not always possible to get slope enough even for the rajbuhas, and no falls can be 
had, so that we must be content with a system of contract based on the ascertained capabilities 
of water-courses ; or, in other words, on a knowledge of the areas irrigated by them, say for the five (5) 
years preceding the contract. 

(Signed) J. H. DYAS, Libut.-Col., R.E., 

Chief Engr.y Irrign. Works, N. W. P. 
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Observations by the Horible the Lieutenant-Governor, North- Western Provinces. 

The recommendations of the Chief Engineer, recapitulated in the 33rd 
paragraph of his remarks, are approved of. The report of the Committee on the 
Ganges Canal is most valuable. The wish of the Supreme Government, to obtain 
a really impartial Report on many vexed questions of great importance in connec- 
tion with irrigation, has, in His Honor's opinion, been completely attained. 

2. The thanks of this Government are conveyed to the President and the 
Members of the Committee, with an expression of great regret that Colonel Law- 
ford's health should have been so seriously affected by exposure in the execution of 
arduous duty at such an inclement season. Major Crofton is also thanked for his 
valuable assistance rendered to the Committee. 

3. The Committee's Report was not received till the 24th July last, and the 
Chief Engineer has explained that, in so grave a matter, he had to take time for 
consideration, and that he wished particularly to be able to annex the official de- 
tailed Reports on the actual state of the Ganges Canal Works, as exhibited during 
the closure in August. 



Dated Nynee Tal, the 22nd October, 1866. 

Order. — Ordered that a copy of the foregoing be forwarded to the Secretary to 

the Government 

PrtidmU ^-^ 

, , „ o^i^Mr, GoTernmeat" 

of HadfM, Bailiray DepartmeBt 
LitntenaBt-ColoBel f ife. B.£^ Bombty EsUblishment. 
Mr. Q. Sibley, G.E., Chief Engineer, £Mt Indian Railway, 



Colonel E. Lawford, ILE., Chief Engineer, Madras, PrtidmU ^ 

Uevtonant-Oolonel J. G. Anderaon, H.E., Consulting Engi 



. ^ . _ , North-Westem 

Prorinees. 




Jstnters 




of India, Public 
Works Depart- 
ment, with refer- 

mtto, 2nd Girol..Irrigaioa Works. enCC tO hls letter, 

CliirfE«gli..«,ln5g.tlonW.rUPiiig.b. j^^ j^g^^ ^^^ 

29th August last, as also to the Officers marginally noted. 

By order, &c., 

J. H. DYAS, Lieut. -Col,, R.E., 
Under-Seejf. to Govt., N. W. P., 

PiMie Work* Dept. 
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Memorandum by Major J. Crofton^ R.E., Chief Engineer^ Irrigation Works, 
Punjab, on alterations in the prryect for remodeling tlie Ganges Camdy proposed 
in paras. 107 to 111 of the Report of the Committee. 



The alterations recommended by the Committee in the scheme for remodeling the 
main line of the Ganges canal, as I gather from paras 107 to 111 of their report, are 
as follow : — 

\sl. The earthen channel generally to be left as it is, not widened to give a 

shallower water section as proposed. 
^nd. Above the Rutmoo, the velocity of current to be reduced to the standard 

by raising the crests of the falls. 
Vird* From the Rutmoo to Roorkee the velocity due to the existing declivity 
and section to be retained; the floorings of the Rutmoo, Peeran 
Kulliar and Muhewur bridges to be secured, and the bed of the 
earthen aqueduct across the Solanee valley pitched with some hard 
material. 
\th. The new fall at Roorkee to be dispensed with ; the crest of the Asuffnug'- 
gur falls being raised to throw a backwater as far as Roorkee — at least 
I gather that the backwater is not intended to extend further, as 
objection is taken to a greater depth thau 10 feet passing over the 
aqueduct, and this is the depth at full supply with the present de- 
clivity. 
5/At. Below Asuffnuggur the new falls to be built, and the old ones rectified, as 
proposed ; but the additional arch to the eight bridges between Roor- 
kee and the Futtehgurh branch head to be omitted. 

2. There is no objection raised if I understand the report aright, to any of 
the new works or alterations projected below the Futtehgurh branch head, except 
the widening of the excavated channel. As nothing is mentioned regarding the 
projected alterations to the falls and bridges between the Rutmoo and Jowalapoor 
bridge, I presume they are considered to be indispensable, and that the velocities 
of current with a full supply, determined on as safe in projecting those alterations, 
should be retained. 

3. The estimate for the excavation from the heads to the Futtehgurh branch 
bifurcation, is as follows : — 



> 


Cobicfeet. 


Bi^ew. 


From heads to projected new fall, close below Roorkee bridge^ 

Thenoe to Fatiebgnrb bnmch head, 


88,972,452 
1,68,474,950 


77,945 
3,86,950 



I have not the cross sections of the channel as it exists, from which the 
excavation was calculated, by me to refer to ; but, if I recollect aright, a very large 
proportion of the excavation above Roorkee is due to the sloping of the sides in 
deep cutting to prevent the falling in of the superincumbent earth where the erosive 



action of the current has cut them away to a vertical section, as well as to the cut- 
ting down and re-forming of the tow-path on the left bank, mentioned in the latter 
part of the 45th para, of the report. 

The sloping of the sides, is, 1 think, a necessity under any circumstances, and 
the excavation for a tow-path on one bank at least is required if the navigation 
here is considered to be a matter of importance. 

The alterations projected to the bottom width of the channel as eriginally ex- 
cavated were as follow : — 







Miles. 




Feet. 


From 




1 




4,347 


To 
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648 


From 


9 9 


5 




648 


To 
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5,111 


From 




6 




5,111 


To 




9 




3,930 


From 




9 




3^30 


To 




12 




4,179 



} 



Unaltered. 



Widened 5 feet. 



} 



Unaltered. 



Widened 12 feet. 



The channel has, however, in general widened considerably, as well as deepened,, 
since it was first excavated ; and the existing mean width of the water section in 
most places will probably be found to be nearly, if not quite, equal to that con- 
templated in the remodeling. 

4, If the drop and grating at the Khunkhul bridge be dispensed with, it will 
be necessary to add somewhat to the down-stream talus of boulders to secure the 
foundations of the bridge. 

How the change in declivity is to be made a gradual one, as recommended in 
the 8th para, of the Committee's report, I do not understand ; there is already a 
drop at the bridge,. and the bed has been channelled out below on a tolerably even 
slope down to the Ranipoor falls. 

The effect of holding up the water ta the height (13 feet) at those falls, as 
projected in the remodeling scheme, will be to raise the surface of the stream for 
some distance above the Khunkhul bridge, and so to a certain extent lessen the 
velocity of the current there ; but if provision be not made to concentrate the action 
at the bridge, erosion on bed and sides will undoubtedly take place for some dis- 
tance below the point of change from the smaller to the larger section. 

5« In para. 109, the Committee express their opinion that the channel from 
the Rutmoo to Roorkee will answer as it is, i. e., carry the full supply of water safely, 
with the calculated velocity of 4 feet per second, if the bed of the earthen embank- 
ment across the Solanee be pitched, and the floorings of the Rutmoo, Peeran 

« 

KuUiar and Muhewur bridges be secured, they consider that the increase to the 
depth of water passing over the masonry aqueduct, of from 10 to 13 feet, is hazar- 
dous, without making special provision for the increased weight, which would be 
costly. On a careful reconsideration of the question, I must say that I do not my- 
self see the slightest cause for apprehension of any danga: from this cause; the 
increase to the depth of water, and therefore to the weight over the arches, is less 
than one-third of that originally calculated on. The dimensions of the work where 
it is exposed to the greatest strain are more than sufficient to sustain a much grea- 



ter pressure than even a much larger addition to the weight would bring on it. The 
dimensions of each arch are — 



• • • • • • 



Span« 

Total rise. 

Thickness of arch at crown. 



•• •• •• •• •• 



^ 


50 feet 


= 


8 


99 


r= 


6 


99 



The bed of the water channel being 1 foot above the extrados of the arch. 

The curve of the intrados is elliptical, but the voussoirs are radiated from one 
centie in an arc of 60 degrees. 

The percolation through the arches alluded to has never ceased from the first ; 
though, as stated in the 8th para.. of the report on the remodeling, it has sensibly 
decreased; the true remedy for the evil is undoubtedly a water-tight covering, and 
this once properly applied, would be proof against a very much greater increase 
of superincumbent pressure than that in question. 

It is also to be borne in mind that the velocity of current with the increased 
depth of water would be reduced by one-fourth, i. e., from 4 to 3 feet per second. 

The covering of puddled clay estimated for was to be protected from the scour 
of the current above, by a layer of brick-on-edge, which even if of very inferior 
materials and workmanship, I need hardly say, can withstand the effect of a very 
much higher velocity than 4 feet a second. 

6. If the velocity of current at full supply below the Roorkee bridge is to be 
reduced generally to the standard assumed in the remodeling project, viz., 2*7 feet 
per second ; and if this is to be effected above Asuffnuggur without the projected 
fall at Roorkee, and the widening of the channel, simply by raising the surface at 
the Asuffnuggur falls, without however permitting an increase to the depth of 
water on the Roorkee bridge flooring, the erosive action must continue for some 
distance below the bridge, and with a full supply will undoubtedly increase, wher- 
ever a change of velocity takes place, even though it be from a higher to a lower, 
the boils and eddies consequent thereon will without doubt cause erosion in soil of 
so light a nature. 

7. If the canal be not widened as proposed between Roorkee and the Futteh- 
gurh branch bifurcation, and the maximum velocity of current which it is consider- 
ed safe to allow for a permanency be assumed, as in the remodeling scheme, at 2*7 
feet per second, and it we suppose that the channel generally has been enlarged to 
the extent shown in the section above the Guneshpoor bridge, and below the Jow- 
lee falls {tnde diagrams at page 6 of the report) ; that is to a bottom width of 150 
feet with* side slopes of 1 in 1^ ; the depth of water with the full supply of 6,750 
cubic feet per second will be about 14*5 feet, and the declivity of surface 1 in 13,500 
(instead of a depth of 1 1*3, with surface slope of 1 in 1 1,000). 

The difference between the full supply depth on the flooring of the Boorkee 
bridge and that in the channel below where the current is '' in train" will therefore 
be (14*5 ^ 10 =) 4*5 feet; and to this extent, it will be seen from the longitudinal 
section, the channel below the bridge has already been deepened ; the section also 
shows that the remodeled bed follows almost exactly the line of the deepest 
channelling down to the Asuffnuggur falls. If the new bed be depressed, as pro- 
jected in the remodeling, 2 feet below the present crest of .the Asuffnuggur falls, 
the water will stand (14*5 — 2 =) 12*5 above the crest there, the distance between 



4 



99 



99 



Roorkee bridge and the falls being 21,202 feet, and the slope of surface being 1 in 

13,500, the total rise up to the former will be 1-57 feet, from which we obtain — 

Reduced level of bed at Asuffnuggur^ . . • • . . 267*65 

surface of water at Asuffnuggur, 253*15 

„ at Roorkee, . . . . . . 25 1*58 

Now the 

Reduced level of flooring of Roorkee bridge, being . . 261*25 

„ of surface of water on flooring depth being 10 feet, 25 1 -25 

there will be thus a fall in the surface at Roorkee bridge of (251*58 - 251*25 =) 

0*33, which it would be necessary to obviate by raising the surface at the falls ; the 

total height, however, from the crest to the crowns of the arches is but 1 1*35 feet, so 

that the water without the raising would stand (12*5 — 11*35 =) 1*15 feet above the 

level of the crowns ; it would, therefore, I think, be necessary to raise the whole of 

the arches and roadway of the falls, which was obviated in the remodeling project 

by reducing the depth of water. 

It will also be necessary to secure the foundations of the Roorkee bridge and 
the curved retaining wall on the right bank, down-stream, against the effects of the 
erosion, which will certainly take place at and below the point where the section, 
and with it the velocity of current, changes. 

8. From para. 1 1 1 of the Committee's report, I gather that they consider it 
necessary to lower the floorings of bridges between Roorkee and the Futtehgurh 
branch head to the same, or a somewhat similar, extent to that contemplated in the 
remodeling. 

If the new declivity, or 1 in 13,500 be adopted, they can be adjusted to levels 
not differing much from those shown in the longitudinal section. The resulting 
state of things will be clearer by a perusal of the following table : — 



Name of work. 



Gtmeshpoor bridge, •« •• •• 

Asuffnaggnr falls, • 

Mangloor bridge, « •• •• .. .. .• 

Liboriieree bridge, • 

Nandowlee bridge, •• •• •» .. •• .« 

Mahmoodpoor falls, •• «. 

Dhimat bridge, •• .. .. •• • 

Toghnlpoor bridge, 

Niigajnee falls, •• .. .. ,, »« 

Bailra bridge, . •• •• .. .. .. .. 

Bhopa bridge, •• «• •• «• «• •» •• 

Jowlee falls, •• •• •• •• .. .. •• 

Fottehgnzli bnmch head, •• * • 



Height from bed 
to 



Crown of 
arch. 



25-68 
13-85 
22-00 
27-65 
23-86 
13-35 
22-00 
2515 
12-35 
23-68 
21*46 
11-35 
16-00 



Spring- 
mgs. 



13-68 



• • 



1000 
15-65 



11-86 



. • 



10-00 
13-15 



• • 



11-68 
9-46 



• • 



• » 



Depth of 
water. 



14-5 

14-5 

14-5 

14-5 

14-5 

14-5 

14-5 

14-5 

14 

14 

14 

14 

14 



Surface of water 



Below 

crown of 

arch. 


Above 

springs 

ings. 


11-18 


0-82 


• . 


• • 


7-50 


4-50 


1815 


n 


9-36 


$u 


• • 


• • 


7-60 


4-50 


10-65 


1-86 


• • 


• • 


9-68 


2-82 


7-46 


4*54 


• • 


• • 


200 


• • 



5 

From this it appears that the water will slaud above tne intrados of the existing 
arches at each fall. Raising those arches with the roadways will then^ in my opi- 
nion^ become a necessity, if the works are to be placed in a permanently safe condi- 
tion. 9 

The headway for navigation in five out of the eight bridges will be less than the 
standard (10 feet) assumed in the project, and approved by the Government of 
India; in three out of the five it will be only 7| feet. 

The wall^ and arches of the locks it will be necessary to raise 3 feet higher 
than was estimated for in the remodeling pioject. In three of the bridges, the 
water will stand 4^ feet above the springing lines of the arches, and thus the area of 
water-way will be still more contracted. 

The mean width of section of the earthen channel, given in para. 7 of this paper, 
is 171 feet while the aggregate water-way through the present bridges is but 165 
feet. 

And, lastly, the surface of the stream at full supply, which in the remodeling 
scheme was projected just '' within soil,'' will stand about 3 feet above the natural 
level of the ground. Whether this will necessitate raising the present embankments, 
1 cannot say, not having the sections of the banks by me to refer to. 

9. The superstructure generally of all the falls, old and new, must be raised to 
provide for the descent of a body of water 14| feet, instead of 11| feet deep. 

At the Futtehgurh branch head, the side arches and roadway, must be raised 8 
feet instead of 5 feet, to give the requisite headway for navigation. 

10. As to the proposal in para. 1 12 of the Committee's report, to dispense with 
the cistern in the new falls, and thus lessen the time required for the execution of 
this work, I cannot think that the extra depth given to these cisterns could ma- 
terially affect the question. Once the supply from the Ganges was cut off, the 
water from land springs could be kept under by ordinary lifting machinery, or if that 
proved insufiicient, by steam pumps. 

1 1. If the channel be enlarged, as projected in the remodeling scheme, and 
the bridges from Roorkee to the Futtehgurh branch head be left with their present 
water-ways, the current through the arches will be increased from 2*7 to 3*6 feet per 
second ; and that erosive action will in consequence take place in the channel be- 
low, there cannot I think be a doubt ; though it will probably be confined to a limi- 
ted distance below the bridges, beyond which the reduced velocity will prevent 
channelling out, and the consequent depression of the water surface generally. It 
would be necessary however to strengthen the boulder talus below each bridge, 
and to protect the sides of the tow-path to the point where the increased action 
ceases ; the acceleration of velocity through the bridges would of course be a hind- 
rance to navigation to a certain extent. 

Even taking the cost of the excavation into consideration, the balance of argu- 
ment appears to me, as it has from the first, to be largely in favor of widening the 
channel, although the water-ways of the bridges may not be increased to a cor- 
responding extent. With the lesser depth of water there is a surer prospect of 
permanence, the fluctuations in the surface of the stream will be less, and fewer 
repairs likely to be required hereafter. 

The period of the special closure of the canal is in no way affected by the alter- 



ations to the channel ; alf the work above the present water line can be done, while 
the canal is running ; anything below that level could be completed within the 
limits of an ordinary closure. 

It is a|^o to be borne in mind that even if the widening be dispensed with, a 
considerable proportion of the estimated outlay will still be required for cutting 
down, re-forming, and repairing the tow-paths, on the existing channel, if navigation 
be considered a matter of importance. 

. 12. If th^ present mean width of the channel be retained, the length of crest 
at the falls will of course be less than that provided for in the remodeling estimate ; 
any savings, however, in this direction will probably be expended if they are not 
exceeded in the cost of additions to the height of the superstructure and to the 
lower flooring, no reduction of the aggregate outlay is therefore to be expected 
from this source. 

13. The deductions from the estimates if the recommendations of the Com- 
mittee be carried out, will be as follow : — 



• • 



• • 



• • 



Estimate No. 1. Excavation. 

From heads to the projected fall at Roorkee, 
From Roorkee to Futtehgurh branch head. 

Estimate No. S. Khunkhul bridge, 

Estimate No, 10. Rutmoo works (part, as per detailed 
statement). 

Estimate No. 1 1. 

Estimate No. 12. 

Estimate No. 13. 

Estimate No. 14. 
ing wall, . • 

Estimate No. 15. 

Estimate No. 16. 



Peeran KuUiar bridge (part as do.), 
Muhewur bridge (part as do.), 
Solanee aqueduct (part as do.), « . 
Roorkee bridge, and curved retain- 



* • 



• . 



. * 



. . 



. . 



Fall, 4-07, at Roorkee, 
Additions to Guneshpoor, Libur- 
heree, and Dhimat bridges. 
Estimate No. 20. Ditto to *Mundowlee, Toghulpoor, 
Belra and Bhopa bridges, . • • • 



Total Rupees, 
5 per cent contingencies. 

Rupees, 
7 per cent, establishment. 

Total deductions. 



. • 



. . 



Rapees. 

77,944-9 
3.36,949-9 
34,708-17 

5,619-12 
1,296-75 
1,275-72 
9,998-40 

1,995-60 
71,753-61 

41,806-49 

49,182-32 

6,32,025-98 
31,601-29 

6,63,627-27 
46,453-91 



7,10,081-18 



The aggregate estimate for the remodeling will not however be reduced by 
the whole of this amount. 

It has been shown elsewhere that some expenditure will still be necessary on 
the present channel; the bridge floorings must be secured to an extent not con- 
templated in the remodeling estimates, the bed of the earthen embtrnkment across 



75,000'00 

7,270*80 

3,526-00 
1,22,976-00 



the Solanee valley must be pitched, and provision must ibe made below Roorkee 
for an increased depth of water. These additions may be roughly estimated as 
follow ; details will be found in a statement appended to this paper : — 

Excavation, . . . . . . • . , • 

Securing floorings of Kunkhul, Peeran Kulliar, and Mu- 
hewur bridges, 3 x 2,423*6 . . . . • . 

Additional security to flooring of Rutmoo regulating 

Ui IClgv, •• •• •• •• •• •• •• 

Pitching bed of Solanee embankment, . . 

Securing floorings of eight bridges below Roorkee; 

erecting tow-paths under arches ; and pitching slopes 

down-stream 8 x (3,196-4 + 420), 

Securing floorings, &c., Roorkee bridge. 
Raising water-wings and gh&ts, Munglour bridge. 
Raising at Bhopa and Dimat bridges, 195*36 x 2, 
Raising arches and enlarging gratings at the four old 

falls below Roorkee, 4 x |^9,027"44 = 
Raising walls of lock chambers, and fitting new gates 

to four old locks, 4 x 5,552*58, 

Additional raising in superstructure, &c., at Futtehgurh 

branch head. 



28,931-20 
4,627-20 
480-48 
390-72 " 

36,109-76 
22,210*32 



• • 



• • 



• • 



• • 



• • 



Total Rupees, 
Add 5 per cent contingencies. 



• • 



• • 



Add 7 per cent establishment. 



• • 



7,519-89 

3,09,042-87 
15,452-11 

3,24,494-48 
22,714-61 



Total additions. Rupees, • • 3,47,209*09 
Total deductions from the estimates, as shown above, 7,10,081*18 



Difference, Rupees, • . 3,62,872*09 

that is, the saving on the aggregate estimate of Rs. 39,19,849, amounts approxi- 
mately to Rs. 3,62372, or about one-eleventh of the whole. 

On the estimate for the remodeling from the heads to the Futtehgurh branch 
bifurcation, amounting to Rs. 13,60,702, the saving is something more than one- 
fourth. 

The above is confessedly a rough calculation ; some other items of expendi- 
ture due to the increased depth of water, may possibly have been omitted, above 
the falls at least some raising of the embankment map be found necessary. 

14. From the Futtehgurh branch bifurcation to that of the Cawnpore and 
Etawah branches, at the termination of the main line below Allygurh, the estimate 
provided for cutting down and forming a tow-path 15 feet wide on the left bank, 
and a berm 5 feet wide on the other ; as well as increasing the bottom and mean 
width of channel to the following extent : — 
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From 

To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

To 

From 

To 



Idea. 

50 

53 

53 

62 

62 

76 

76 
103 
105 
110 
110 
148 
148 
151 
151 
163 
163 
177 
177 
180 



Feet. 

2^301 
2^7 i 
2^471 
1^50 / 
1^50 "> 
S 

1,112/ 



Incnnt io 
Bottom Widdi. 



28 



13 



23 



8 



• • 



4 



9 



16 



Width. 



36*5 



21-5 



31*5 



16-5 



11-5 



11-5 



15 



11 



15 



21-5 



3, 
3,112 1 

1,746/ 
1,7461 
3,861 / 
3,861 1 
5,024/ 
5,024 ) 
1,957/ 
1,957 ) 
4,446/ 
4,446) 
4,657 J 

The total estimated cost of the remodeling on this section amounted to Rupees 
21,32,304, of which Rupees 5,13,063 is due to excavation only. I hare not the ac- 
tual sections of channel to calculate from ; but I believe I shall not be far from the 
mark in stating that fullv half, if not more, of the latter sum would stiU be required, 
even if the channel be not widened, in repairing the banks and forming the berms ; 
while the masonry works would cost more from the depth of water being increased. 

15. If the proposed alterations in the scheme for remodeling could affect the 
length of the dosure of the canal required for the execution of the works in a 
material degree, they would no doubt be advisable on the score of economy ; but 
inasmuch as all the projected new falls (except one) on the construction of which 
the length of. the closure mainly depends are still considered to be indispensable ; 
no saving in this respect can 1 think be looked for ; while, as I have stated else- 
where, the arguments in favor of adhering to the original designs in all important 
points ; if the rectification is to be a permanent one, appear to me, after a careful 
reconsideration of the whole question, to be quite conclusive. 

(Signed) J. CROFTON, Major, R.E., 



IBth August, 1866. 



CMef Engineer, Irrigation Works, 

Punjab. 






APPENDIX. 



Detail of deductions from estimates^ if the recommendations of the Committee 



be carried out. 

Estimate No. 10. Rutmoo works : — 
Lifting old boulder talus. 
New boulder talus. 
Piling, 



• • 



• • 



• • 



• ■• 



• • 



• • 



• • 



• • 



» • 



• • 



• . 



165-20 
4,273-92 
1,180-00 



Total Rupees, . . 5,61912 



Estimate No. 13. Solani aqueduct : — 
Staking bed of earthen embankment. 
Masonry in raising edge of roadways across aque- 



duct, 



• • 



• • 



• • 



• • 



• • 



9,450-00 



548-40 



Total Rupees, .. 


9,998*40 


Estimate No. 11. Peeran KuUiar bridge : — 

Total estimate, . « 

Deduct tow-path, 


1,674-05 
377-30 


Saving, Rupees, .. 


1,296-75 


Estimate No. 12. Muhewur bridge, : — 

Total estimate, 

Deduct tow-path. 


1,871*32 
595-60 


Saving, Rupees, . . 


1,276-72 



Detail of additions to estimates if Committee's recommendations be carried out. 

1. Excavation. — The total estimate for the excavation from the heads 
to Roorkee is Rs. 77,944*9 ; supposing that Rs. 30,000 of this are due to re-form- 
ing the tow*path, &c. ; the distance being nearly 20 miles, the approximate rate per 
mile would be Rs* 1,500. The total distance from heads to the Futtehgurh branch 
bifurcation is 60^ miles. Expenditure on excavation 

will then be 50 x 1,500 = Rs. 75,000. 

2. To secure the floorings of the Kunkhul, Peeran KuUiar and Muhewur 
bridges, an addition of at least 40 feet in length to the boulder talus, down-stream, 
will I think be necessary. This would give for each bridge 

119 X 40 X 3 = 21,480 cubic feet boulder work. 
Piles (10' X f X f each) 230, 

then 



10 



21,480 cubic feet boulder work^ @ 7 Rs, per 100 cubic feet, 1,503*6 
280 piles, @ 4 Rs. each, 9200 



Total Rupees, . . 2,423-6 



3. At the Rutmoo, an additional length of talus will also be required, say 50 
feet, then 

236 X 50 X 3 = 35,400 cubic feet boulder work ; 
and 

35,400 cubic feet boulder work, @ Rs. 7 per lOO • . 2,478 

262 piles, @ 4 Rs* each, 1,048 



Total Rupees, .. 3,526 



4. Pitching the bed of the Solanee embankment with boulders 1 foot deep. 
JJistance from Muhewur to Roorkee, . . . . . . 14,578 feet. 

' Deduct masonry aqueduct, . . • . . • . . 914 „ 



Length to be pitched, . . 13,664 



99 



Contents = 13,664 x 150 x 1 = 2,049,600 cubic feet- 
Boulders, 2,049,600 cubiafeet, @ 6 Rs. per 100, . . 1,22,976 
5. Below Roorkee bridge an additional talus, not less than 80 feet in length, 
will be required^ and the curved retaining wall will need protection for at least 200 
feet below the bridge- 
Contents 179 X 80 X 3 = 42,960 

200 X 10 X 5 = 10,000 52,960 



Boulder work, 52,960 cubic feet, @ 7 Rs. per 100 . . 3,707-20 

Piles ditto, 230, @ 4 Rs. each, 920-00 



Total Rupees, . . 4,627-20 



6. An additional length of talus, as for the bridges above Roorkee, and tow- 
paths under the arches will be required for each of the eight bridges between 
Roorkee and the Futtehgurh branch head. 

Talus, as above, 2,4*23-6 

Tow-path, 12 feet wide, as estimate, 772-8 



Total each bridge, . • 3,196*4 



The waterwings and ghftts of three out of the «ight bridges it will be neces- 
sary to raise about 3 feet in consequence of the increase to the depth of water from 
ll|to 14|feet. 



11 



unglour bridge. 

Ghats^ up-stream, 2x41x8x3 .. = 1,968 cubic feet 

Waterwings, dowu-stream, 2x18x2x3 .. = 216 



99 



Total, .. 2,184 

2,184 cubic feet brick work, @ 22 Rs. per 100, . . 480*48 

Bhopa and Dhimat bridges : — 

!For each, 

Waterwings, 4x37x2x3 = 888 cubic feet. 

888 cubic feet, @ 22 Rs. per 100, . . Rs. 195*36. 

The sides of the channel for about 100 feet below each of the bridges will 

require pitching. 

For each. 

Contents 2 x 100 x 21 x 1 = 4,200 cubic feet. 

4,200 cubic feet pitching, ® 10 Rs. per 100, . . . . 420. 
7. It will be necessary to raise the arches and roadways of the four falls be- 
tween Roorkee and the Futtehgurh branch head to about the same extent as those 
of the upper Bahadoorabad fall above Roorkee. 

From Estimate No. 6, we obtain the detail as follows : — 

Demolition of old work, 18,280, @ 1 Re. per 100, . . 182-80 

Arching, 12,456, @ 28 Rs. per 100, 3,4S7-68 

Masonry, 12,518, @ 22 Rs. per 100, . . . . . . 2,753*96 

Earthwork, 96,000, @ 2 Rs. per 1,000, 19200 

Total for each, . . 6,616 44 



The gratings at each of the four falls must be enlarged to provide for the 
passage of water, 14|, instead of 11|, feet deep ; the additional cost will not be un- 
der one-third of the amount calculated in the '^remodeling** estimate. 

RS. 

Total cost, as per Estimate 17, 7,232*80 

Addition for each fall, i x 7,232-80 (gratings), . . . . 2,411-00 
Raising arches, as above, 6,616*44 



"«• 



Total for each, . . 9,027-44 



8. The walls of the locks in connection with the above it will be necessary to 
raise about 3 feet : new lock gates will also be required. 
Raising Walls, c. ft 

Contents, 2 x 158 x 3 x 3 = 2,844 

1 X 158 X 8 X 3 = 3,792 6,636 



Lock gates, 2 x 9*54 x (12*5 x 20*5) = 628*64 superficial feet. 

RS. 

Brickwork, 6,636 cubic feet, ® 22 Rs. per 100, . . 1,459*92 
Lock gates, 629*64, superficial feet, ® Rs. 6-5-0 per 

foot, 4,092*66 



Total for each, .. 5,552-58 



/ 



/ 



i 

I 
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9. At the Futtehgurh branch head the superstructure must be raised 8 feet 
instead of 5 feet. 

Lock walls, &c., also 3 feet higher. 

Contents of masonry in raising Superstructure 5 feet, as per Estimate 
No. 25. 28,837*5 cubic feet. 

f X 28,837-5 = 17,302-5 cubic feet 
Lock walls and waterwings 3 feet higher than estimated. 
Contents 2 x 127 x 7 x 21 = 37,838 

27 X 3 X 15 = 1,215 
30 X 3 X 11 = 990 39,543 



Deduct contents as per Estimate 25, 28,842 

Addition, 10,701 cubic feet. 
Additions to gates : — 

Lock gates, 2 x 9-54 x {g} = 114-48 superficial feet 

Drop gates, \ 9^ «,n.K ^. a = 123 



1 2 X 20-5 X 3 = 
idge, J 



Regulating bridge, 

Estimate. 

c» ft. ss. 

28,003*5 Brickwork, @ Rs. 22 per 100, 6,160-77 

3. ft. 

114'48 Lock gates, @ Rs. 6-5-0 per foot, . . . • 744*12 

123*0 Drop gates, @ Rs. 5 per foot, 615*00 



Total Rupees, .. 7,619*89 

(Signed) J. CROFTON, Major, R.E., 

CUef Ungineer, Irrigation Works, 

Punjab. 
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